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F@ Apparatus for detecting pattern of crest line.
M~

g@ In an apparatus for detecting a pattern of crest
QNllines according to the present invention, an object
area to be ireated is mechanically divided into a
plurality of picture elements (Ej), and the direction of
crest lines such as a dactylogram can be easily
detected by a simple calculation consisting of addi-
tion, subtraction, multiplication, and division, by us-

ing evaluated shading values in a series (Si) of
picture elements, each unit area (UA) consisting of
some picture elements of all picture elements in the
object area. Therefore, even when the crest lines are
cut off, crushed, or branched off, on the way thereof,
the direction of the crest lines can be correctly
detected.

Xerox Copy Centre



1 EP 0 294 716 A2 2

APPARATUS FOR DETECTING PATTERN OF CREST LINE

BACKGROUND OF THE INVENTION

1. Field of the invention

The present invention relates to an apparatus for
detecting a pattern of crest lines, which apparatus is
used in discriminating, for example, a dactylogram
having an individual pattern of crest lines.

2. Description of the Related Art

Various apparatuses for discriminating a pat-
tern of crest lines which is a stripe patiern consist-
ing of a plurality of crest lines, such as a dactylog-
ram, have been proposed. For exampie, an appara-
tus for detecting a stripe pattern is disclosed in
Japanese Examined Patent Publication (Kokoku)
No. 59-27945. According to the invention disclosed
in the above publication, one picture element is
first arbitrarily selected, which element is one of a
plurality of minimum unit picture elements by
which a picture image of the stripe pattern is con-
structed. Next, the degree of shading of each pic-
ture element is detected by a turn in one direction,
which is one of a group of predetermined radial
directions having the above-mentioned selected
picture element as a center, and the absolute val-
ues of a shading difference between adjacent pic-
ture elements are accumulated. The same process
as above-mentioned is repeated in other directions,
and the direction which corresponds to the extrem-
ity of a group of the before-mentioned accumuiated
value, which value corresponds to each direction, is
determined to be the direction of a line element of
a crest line in the selected picture element. The
same process as before-mentioned is repeated for
each of other picture elements.

Nevertheless, in the above-mentioned detect-
ing system, a problem arises in that the direction of
a crest line cannot be detected, or cannot be easily
detected, if the crest line is cut off, crushed, or
branched off, on the way thereof, such as a picture
image of a dactylogram.

SUMMARY OF THE INVENTION

An object of the present invention is fo provide
an apparatus for easily detecting the direction of
crest lines of a pattern of crest lines, even when
the pattern has a cut off portion, a crushed portion,
or a branched off portion.
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The present invention provides .an apparatus
for detecting a pattern of crest lines, which pattern
is divided into a plurality of picture elements on a
picture image thereof, each picture element having
a shading value, each value being one of a pre-
determined number of values, comprising: means
for storing each shading value in correspondence
to each picture element having a shading value, in
order; means for calculating a first group of evalu-
ated values for each direction of a plurality of
predetermined directions in a unit area consisting
of a group of picture elements, each of which is
adjacent to another, each of said first group of
evaluated valves being an evaluated shading value
in each series of picture elements along one direc-
tion of said plurality of predetermined directions;
means for selecting a second group of values,
each value being a largest difference in said first
group of evaluated values for each direction; and
means for selecting a direction corresponding to a
maximum value in said second group of values,
thereby ‘determining a direction of crest lines of a
pattern of crest lines in a unit area.

Generaily, the specific direction corresponding
to the maximum value selected by above-men-
tioned means for selecting a direction is the direc-
tion of crest lines of the pattern of crest lines in the
unit area. But a direction of crest lines cannot be
always detected correctly in a center portion of a
pattern of crest lines, in a background portion of a
picture image, or in an unclear portion of a picture
image. In such a case, the selected direction of
crest lines in a unit area in the above-mentioned
situations may be corrected by using a plurality of
detected directions of crest lines of a pattern of
crest lines in a plurality of unit areas surrounding
the unit area, for a direction of the crest lines
thereof to be detected.

The . present invention will be described
hereinafter in detail by way of examples with refer-
ence to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic diagram of the ap-
paratus for detecting a pattern of crest lines ac-
cording to the present invention;

Fig. 2 shows a schematic construction of the
apparatus using a microcomputer;

Figs. 3a, 3b, 3c are views of a unit area for
explaining the principle of the present invention;

Fig. 4 shows a whole picture image area for

detecting a pattern of crest lines, constructed by an

assembly of a plurality of unit areas;
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Fig. 5 shows eight series of picture elements
in eight directions, as an example;

Figs. Ba, 6b show a unit area which is one
element of the picture image area shown in Fig. 4,
shown by using one series of picture elements in
one direction shown in Fig. 5; ’

Fig. 7 is a flow chart of the operation of the
apparatus; and

Fig. 8 shows another example of the appara-
tus according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

Figure 1 is a schematic diagram of the appara-
tus according to the present invention.

Referring to Fig. 2, a pattern of crest lines such
as a dactylogram is displayed by a charge coupled
device camera 10, the picture image of the pattern,
which is divided into a plurality of picture elements
(many picture elements) is transmitted to a picture
image treatment apparatus 14 consisting of, for
example, a microcomputer, through an analog-digi-
tal converter (A/D converter) 12. in more detail,
each picture element of the picture image is input
to a data memory 16 in turn through an /O in the
microcomputer 14 as shading information consist-
ing of, for example, eight bits of information. The
shading information may be one bit of information,
as the most type of information. Namely, "0" of
one bit of information is "White", and "1" of the
same is "Black". A program described later for a
treatment of the picture image is stored in a pro-
gram memory 18.

Considering a rectangular picture image region
to be treated as shown in Fig. 4, the rectangular
region consists of, for example, 512 x 512 picture
elements, namely the region is divided into 512
sections in the column and row directions, respec-
tively. A group of picture elements, for example, 16
x 16 picture elements adjacent to each other, is
treated as a unit area hereinafter. A direction of
crest lines of the picture image in each unit area is
detected, and therefore, the directions in 32 x 32
unit areas are detected.

The principle of the operation of the present
apparatus for detecting the pattern of crest lines in
each unit area is described in more detail with
reference to Fig. 3a, 3b, and 3c. Each rectangular
area in Figs. 3a, 3b, and 3c is the same unit area
UA. Sixteen series Si (i = 1, 2, --- 16) of picture
elements, each picture element being entrained in
the column direction D1, are considered in Fig. 3a.
Sixteen picture elements are entrained in each
series Si of picture elements. Note, each series Si
will be referred to as a slit Si hereinafter. The
pattern of shading, white or black, is displayed in
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the unit area UA, showing a part of the pattern of
the rest lines. Each mean value of the shading of
sixteen picture elements in each slit Si is des-
ignated as a bar height of a bar graph at the ieft
side of the unit area UA. As mentioned above, a
mean value is used as an evaluated shading value,
but another evaluated value, for example, an accu-
mulated value of a shading of sixteen elements in
each slit Si can be used as the evaluated shading
value. A mean value is smaller than an accu-
mulated value, and thus the mean value is pre-
ferred from the viewpoint of an effective utilization
of a memory in a microcomputer. In Figs. 3b and
3c, the mean values for other directions D2 or D3
shown in Fig. 5 are designated in the same manner
as in Fig. 3a. Dc is the largest value among three
values Da, Db, and Dc, each of which is the dif-
ference between the maximum and the minimum
evaluated mean values for each direction D1, D2,
or D3. This is based on the fact that the direction
D3 corresponding to the largest value Dc shows
the direction of crest lines of the pattern in the unit
area UA. That is, the direction D3 having the value
Dc is selected as a direction of crest lines in the
unit area UA. The above-mentioned process is ap-
plied for each of the other unit areas. Before the
process is applied for each unit area UA, the pre-
determined number of slit directions, for example,
directions D1 - D8 as shown in Fig. 5, are predeter-
mined. Many directions should be preset in equi-
spaced angular positions, in order to correctly de-
tect a direction of crest lines, but this depends on
the memory capacity of the picture image treat-
ment apparatus 14 (Fig. 2) or the size of a picture
element, etc.

Each slit can be constructed by using picture
elements in other unit areas adjacent to the unit
area, as shown in Fig. 8b for the direction D2. The
directions D1 and D5 of all directions shown in Fig.
5 can be constructed only by a series of picture
elements in one unit area. The number of picture
elements is short when the unit area in the periph-
ery portion of the picture image to be treated
shown in Fig. 4 is treated for one direction. As a
special treatment for such a case, a predetermined
shading value may be applied for the missing
elements. Also, the peripheral unit areas need not
be treated.

Referring to Fig. 7, the flow of the treatment in
the present apparatus for detecting the pattern of
crest lines is explained for the case of the direction
D1 shown in Fig. 6a, as an example. First, an
individual shading value is accumulated for sixteen
slements E1 - E16 in the first slit S1 at steps 24
and 26. That is, the "prescribed number” at step
26 is 16, which is equal to the number of picture
elements Ej in one slit. After the accumulation, at
step 28, the accumulated value is divided by 16
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(equal to the number of picture elements) to cal-
culate a mean shading value as an evaluated shad-
ing value, and then the mean value is stored in the
data memory 16 shown in Fig. 2 at step 30. The
"prescribed number" at step 32 is 16, which is
equal to the number of slits in the unit area UA,
and thus sixteen mean values are stored. Then, the
largest difference in the sixteen mean values stored
in the data memory 16 is calculated in step 34, and
stored in the data memory 16 at step 36. The
"prescribed number” at step 38 is 8, which is
equal to the number of the directions D1 - D8 in
Fig. 5. The process of steps 24 to 36 is repeated
for each direction in one unit area UA, ie., is
repeated eight times in one unit area. Then, the
maximum is selected from the group of the eight
largest differences, each of which corresponds to
each direction D1, D2 ---, or D8, at step 40, and the
specific direction corresponding to the maximum is
stored in the data memory 16 at step 42.

The above-mentioned steps are repeated for
each unit area at step 44. That is, the process is
repeated 32 x 32 times in this embodiment. After
the process, if necessary, each of the 32 x 32
directions stored in the data memory 16 can be
drawn by a plotter through the /O of the microcom-
puter 14, or can be output in another desired form.

Figure 8 shows another embodiment of the
present apparatus for detecting a pattern of crest
lines. A picture image of a dactylogram, or the like
is stored in the picture image storing circuit 50,
through a not shown CCD camera of A/D converter,
as, for example, 512 x 512 picture elements, each
of which corresponds to a shading value. In the
calculation portion 54, the shading values of picture
elements read by the picture element reading cir-
cuit 52 from the picture image storing circuit 50 are
added, and the direction of the crest lines is de-
tected. In the comparator portion 58, the number of
picture elements read from the picture image stor-
ing circuit 50 is counted, and the summed result is
transferred to the buffer circuit in the calculation
portion 54 when the counted number reaches a
predetermined number. When the counted number
is lower than the predetermined number, a signal is
output to a picture element position determining
portion 58. In the portion 58, the position of a
picture element to be read by the circuit 52 from
the picture image storing circuit 50, to which a
picture image is input, is determined, and the de-
termined position of the picture element is input to
the picture element reading circuit 52. Accordingly,
the picture elements are read from the picture
image storing circuit 50, and the shading values of
the picture elements are sent to the calculation
portion 54.

The process for determining the direction of
crest lines is now described in detail. When a
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picture image is input to the picture image storing
portion 50, a signal indicating that the picture im-
age has been input to the portion 50 is input to the
initial value setting circuit 80. This process is ex-
plained with reference to Figs. 4, 5, 6a, and 6b, and
starts from the unit area at the position (column
No., row No.) = (1, 1). The position information in
the position determining circuit 82 is initialized by
the initial value setting circuit 80. Namely, the posi-
tion data of the unit area UA (1, 1), the direction
D1, the slit $1, and the picture element Et are set
and are sent to the picture element reading circuit
52. Then, the shading value corresponding to the
picture element E1 is read from the circuit 50 to be
input to the adder circuit 60, and at the same time,
counted by the same direction comparator circuit
74.

The shading information of the picture element
E1 input to the adder circuit 60 is temporarily
stored in the buffer circuit 62. In this embodiment,
the number of picture elements in one slit is 16.
The number counted by the same direction com-
parator circuit 74 is 1, and thus signal that the
counted number is less than 16 is sent to the
position determining circuit 82. Then the circuit 82
outputs a signal to read a shading value of the next
picture element E2 to the picture element reading
circuit 52 and, the shading value of the picture
element E2 is added to that of the picture element
E1 stored temporarily in the buffer circuit 62, and
temporarily, re-stored in the buffer circuit 62, and
the number counted by the circuit 74 becomes 2.
When the above-mentioned process is repeated
until the addition of the shading value of the picture
slement E16 is completed, the counted number in
the circuit 74 is 16, and the accumulated shading
value of the picture elements from E1 to E16
stored in the buffer circuit 62 is sent to the divider
circuit 64 in response to a signal indicating that the
counted number in the circuit 74 is 16, and the
value in the buffer circuit 62 is then cleared. The
accumulated value is divided by 16 in the divider
circuit 64 to obtain a mean value, and this mean
value is stored in the buffer circuit 66.

At the same time as the mean value is stored
in the circuit 68, a signal is input to the next
direction comparator circuit 76, and the counted
number in the circuit 76 is set to 1. The circuit 76
sends a signal to the moving instruction circuit 84
to send a signal to the position determining circuit
82 indicating that the position of the slit to be
selected has been changed from S1 to 82, and the
position information is set to the unit area (1, 1),
the direction D1, the slit S2, and the picture ele-
ment E1. Then, the mean shading value of sixteen
picture elements E1 - E16 in the slit S2 is stored in
the buffer circuit 66, after repeating the same pro-
cess as above-mentioned. In the same manner, the

-3
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process is repeated up to slit S$16, so that the
counted number in the next direction comparator
circuit 76 becomes 186, and sixteen mean shading
values, each of which corresponds to each of the
sixteen slits S1 - S18, are sent to the maximum
and minimum calcutating circuit 68 to determine
the maximum value and the minimum value. The
difference between the maximum value and the
minimum one is stored in the buffer circuit 70.

A signal is also sent to the all directions com-
parator circuit 78, so that the counted number in
the circuit 78 is set to 1, and a signal is input to the
direction determining circuit 86, and thus a signal
indicating that the same process as for the direc-
tion D1 is to be adapted for the direction D2 is sent
to the position determining circuit 82. Accordingly,
the position information is set to the unit area (1,
1), the direction D2, the slit S1, and the picture
element E1, as shown in Fig. 6b. The same pro-
cess as for the direction D1 is adapted for the
direction D2, and the largest difference in a group
of mean shading values, each of which values
corresponds to each slit 81, -, or S16 for the
direction D2, is stored in the buffer circuit 70.
When the process is completed for the directions
from D1 to D8, the counted number in the all
directions comparator circuit 78 is set to 8, and the
shading information of the eight largest differences
for the eight directions D1 - D8 stored in the buffer
circuit 70 is sent to the crest line direction deter-
mining circuit 72. In the circuit 72, the maximum
value is selected from among the eight largest
differences, and the direction corresponding to the
maximum value is determined as the crest line in
the unit area (1, 1) by the circuit 72. The counted
number in the circuit 78 is then cleared and a
signal is sent to the area determining circuit 88,
which outputs a signal indicating that the next unit
area is to be treated by the position determining
circuit 82. Accordingly, the position information is
set to be the unit area (1, 2), the direction D1, the
slit 81, and the picture element E1, and the same
process as for the unit area (1, 1) is repeated for all
unit areas. .

In the above-mentioned two embodiments, a
unit area is constructed by 16 x 16 picture ele-
ments, but may be constructed in another form, for
example, 16 x 8 picture elements.

As apparent from the foregoing description, the
present invention provides the apparatus for detect-
ing the pattern of crest lines, which apparatus can
detect the direction of crest lines by a simple
calculation consisting of addition, subtraction, mui-
tiplication, and division, or by a comparison of two
values (a comparison corresponding to an addition
or a subtraction), using evaluated shading values in
slits for each direction of every gathered region of
a plurality of picture elements, which elements are
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obtained by a mechanical division of the object
region to be treated, and can correctly detect the
direction of crest lines even when the crest line is
cut off, crushed, or branched off, on the way there-
of, and is simple.

Claims

1. An apparatus for detecting a pattern of crest
lines, which pattern is divided into a plurality of
picture elementis on a picture image thereof, each
picture element having a shading value, each shad-
ing value being one of a predetermined number of
values, comprising:

means for storing said each shading value in
correspondence to each picture element having
said each shading value, in order;

means for calculating a first group of evaluated
values for each direction of a plurality of predeter-
mined directions in a unit area consisting of a
group of said picture elements, each of which is
adjacent to another, each of said first group of
evaluated values being an evaluated shading value
in each series of picture elements along one direc-
tion of said plurality of predetermined directions;

means for selecting a second group of values,
each of which values is a largest difference in said
first group of evaluated values for each direction;
and
means for selecting a direction corresponding
to a maximum value in said second group of val-
ues,
to thereby determining a direction of crest
lines of a pattern of crest lines in said unit area.

2. An apparatus for detecting a pattern of crest
lines according to claim 1, wherein said predeter-
mined number of shading values is two, one shad-
ing value corresponding to “White" and another
corresponding to "Black".

3. An apparatus for detecting a pattern of crest
lines according to claim 1, wherein each of said
predetermined directions is equispaced in anguiar
position.

4. An apparatus for detecting a pattern of crest
lines according to claim 2, wherein each of said
predetermined directions is equispaced in angular
position.



EP 0294 716 A2 881088 80. 1

<>
\/
aool~d/y - O/y —= 1Nd1NO
p § r
ol 2l
AHOWAN INVHOOHAKED
81’
AP RIEN
ol viva [&
\Y
ndo
S\
g bi
SNVIN ONLLOF TS| | SNVAW ONILOTESL]  onivAnTivs Siavn L oSN
ONIQVHS 031VNTvAZ | |3OUAT NI

NOILO3HId

FONIHFHHIa WANIXYN

| DI



iO
FQ

A ITSS
|




EP 0 294 716 A2

Fig. 4 -
g Fig. S
COLUMN
A —_—
g
ROWl i De D5 D
: D7 BEb : 3BE| D3
) D8 iy Hth B et o D2
s oo DI
Fig. 6a Fig.6 b
E16
E1 D1 Ej E©6 2 FEFE
St~ E1 V
E1_] \-Jmcd“
Si—=[o = N
«— UA H
S16 —enbr 1 o
S16,_<'_J \UA



EP 0 294 716 A2

9¢ J401S

e A SIN VA NV3IW NI
ION3YIS4I0 1STOYY T 40 NOILV 1NV

o
439NN J38I80S34d
= S1I7S 40 3NN

d38140534d ce

= SV34Vv 1INN
40 Y38INNN

Og —1 3J401S
_

vy gz~]__ONIQVHS 40 IMIVA
2t 9015 NVIN 30 NOLIVINOIvO

|
Ov JSIONJHI441d  1S394Y7 T NI
WNINIXVYIN 40 NOT.LDF13S

d3NNN d381490S34d

=SIN3IN313 34NLIOId
40 H38ANNN

J38140S34d

= SNOILO34Id
40 H3HNNN

S¢

_ [9NIQvHS 20 SAMTVA
21 40 NOILLV ININNDJV

8¢

-

) b4 (T8vis)




EP 0 294 716 A2

1Nd1ino

P s S— . oo S o (bt S G S — — —— S — ——— — —

llllll ‘|||||J
L1NDHID oz_z_s.muh_o_ | S 8s, | _
NOLLOZMIQ 3NIT 1S3u0] ¥ \ LINOHID
7 | | |ONINIWYALIA VIV
cl “ I ) 88
1102419 _ ! _
yaddng [T m 1INOHID ONINIWEZLI
7 NOLLO3YI]
oL “ __.--.Hii.i.i!..._ “ o Iog
| i _ I [
L1INDH0 ONIYINTTW | | i] LInDHID dOowwwenoD), | _ L1ND410 _
WNINININ NV NNWIEXYW] | | || SNOLLOZMIG Tv|! | [NOLLONHISNI ONIAOW
) | i [} .'mN 1 * l
89 “ “ _ N 8
11NDHTD | I[ 11noud sorvavanod)! | 11N0HD <
g344n@ |7 T 1|_NOILO3MIG Lx3NJi | [PNINIWYILIA NOLLISOdR, ™ 08
99’ E— oL 15 | [TinouD SNIL13S
1100810 “ “ mo;.%mﬁ%%ﬁw | | ¢8 JNIVA_VILINI
43dTAIQ L A e A -———-
. || INOTIHHIG INVS[y:
9 Lo —|-= = 9
: 11N2H1D 11n0810 F—4 11nodIo ozaﬁ_mﬁb:ums ONIMOLS
: 4344n8 H30QV j« i INGWTT3 3uNL0Id FOVINT FHNLOId
€9 09 e . 05
N 8 b4

€y

]
]
|
i
[
|
|
I
|
|
(
I
I
|
|
|
|
I
|
|
|
|
|
!
{
I
-

—— —— — — —— — —— — — — —— ———— — — — — ——— — ——— — — — — — ——

|




	bibliography
	description
	claims
	drawings

